In this study Fourier Transform Infrared Spectroscopy (FTIR), Attenuated Total
Reflectance FTIR (ATR-FTIR) and FTIR imaging were used to evaluate the effective penetration of minoxidil in the skin layers and to discover the influence of the enhancer on the drug topical delivery. These analytical studies allowed us to characterize the drug formulations and to evaluate the vesicle distribution into the skin. Recorded spectra confirmed that the vesicle formulations with penetration enhancers promoted drug deposition into the skin. 
Introduction
The skin represents one of the most attractive sites for non-invasive administration of therapeutic agents, but the main obstacle to dermal and transdermal drug delivery is the barrier formed by the stratum corneum (SC) due to its brick and mortar-like structure that provides resistance to drug penetration. In order to obtain an enhanced drug delivery through the skin, topical formulations able to produce a temporary and reversible reduction of the SC resistance to diffusion of molecules are required.
Minoxidil (MX) is the most widely used drug for the topical treatment of androgenetic alopecia, an androgen dependent process, that is the mainly cause of hair loss in men and women with a genetic predisposition. The mechanism by which MX, topically applied, stimulates hair growth is not clearly understood and several different hypothesis have been reported from the 1980s onwards.
Recently, has been reported that hair follicle dermal papilla cells represent the main target site for MX, which has a direct effect on the proliferation and apoptosis of these cells. The MX maximum effect is evident after 5 months of therapy, but it is not permanent. The treatment suspension causes an acceleration of hair loss 4-6 months. It is possible to find MX formulations containing ethanol, propylene glycol and water [1, 2] . It is recommended twice a day application, but the chronic use is responsible of adverse effect, such as irritation, burning, itching [3] , that reduce the compliance of users. To reduce side effects, and improve the therapeutic efficiency, there is the need to develop novel formulations for topical application. To increase MX accumulation in the skin layers in recent years different vesicular systems have been investigated. Lipid vesicles are reported to enhance topical drug delivery, with a reduction of the dose applied [4] [5] [6] [7] [8] [9] [10] [11] [12] . In the attempt to find new vesicular formulations able to optimize MX cutaneous delivery, in a previous work we prepared and characterized new liposomal systems prepared by using in their composition a few penetration enhancers (PEs) which differ for chemical structure and physicochemical properties [14] . The ability of the different penetration enhancers to produce elastic vesicles with soy lecithin and the influence of the Penetration Enhancer-containing Vesicles (PEVs) on (trans)dermal delivery of minoxidil were evaluated [15] .
In this work so-called PEVs were prepared by using soy lecithin and three penetration enhancers, 2-(2-ethoxyethoxy)ethanol (Transcutol®), capryl-caproyl macrogol 8-glyceride (Labrasol®), and cineole and Fourier Transform Infrared Spectroscopy (FTIR), Attenuated
Total Reflectance FTIR (ATR-FTIR) and FTIR imaging were used to evaluate the effective penetration of minoxidil in the skin layer and to discover the influence of the enhancer on this topical delivery.
Over the last decade, ATR-FTIR technique has been used to characterize the structure and the properties of the stratum corneum and for the detection of drugs penetration after application on skin [16, 17] . ATR-FTIR spectroscopy is also instructive with respect to the structural and conformational status of stratum corneum components and their modification after application of enhancers [18] . This technique has been extensively used to rapidly and noninvasively quantify in vivo the uptake of a chemical into the outermost, and least permeable, layer of human skin (the stratum corneum) [19] [20] [21] [22] [23] . Finally, it has also been used to understand the modifications of the lipid organization within the stratum corneum after application of different vehicles and to correlate this modification with the percutaneous penetration data [24, 25] .
In this study Fourier transform infrared spectroscopy (FTIR), ATR-FTIR and FTIR imaging were used to evaluate the effective penetration of MX in the skin layer and to discover the influence of the enhancer on this topical delivery. The aim of this work was to investigate any change in the IR spectra of the skin after (i) pretreatment with penetration enhancers and subsequent application of 
Materials and methods

Materials
Soy lecithin (SL) was obtained from Galeno (Potenza, Italy All the products and solvents were of analytical grade.
HPLC method
MX detection was performed at 231nm using a high performance liquid chromatograph 
Vesicle preparation and characterization
Dehydrated-rehydrated vesicles (DRV) were prepared according to previously described methods [15] .SL (60mg/ml), DCP (5.4 mg/ml), one PE (20 mg/ml) and MX (50mg/ml) were dissolved in chloroform. Then, lipid-drug mixture was deposited as a thin film in a round-bottom flask by rotoevaporating (Rotavapor Büchi R110, Switzerland) the chloroform under vacuum, which was 
In vitro skin penetration studies and skin pre-treatment.
Before use, the lyophilised MX loading vesicles with and without enhancer (control) were rehydrated with distilled water and mechanically shaken until a milky suspension was obtained. In replaced with an equivalent volume of hydro alcoholic solution to ensure sink conditions. After 8 hours, the skin surface of specimens was washed 10 times with 1 ml of distilled water then dried with filter paper. The stratum corneum (SC) was removed by striping with an adhesive tape Tesa ® AG (Hamburg Germany). A piece of the adhesive tape was firmly pressed on the skin surface and rapidly pulled off with one fluent stroke. Ten stripping procedures were consecutively performed. The epidermis was separated from the dermis with a surgical sterile scalpel. The 10 tape strips, epidermis and dermis, were placed each in a vial with 3 ml of methanol and then sonicated for four minutes in order to extract the drug. The tape and tissue suspension were centrifuged for 10 minutes at 10000 rpm, then the supernatants were filtered and assayed for their MX content by HPLC as described previously.
During pre-treatment studies, 100 µl of solution of each penetration enhancer (at the same amount used in the PEVs formulations) was placed in the donor compartment of the diffusion cell. After incubation, skin surface was washed with distilled water and MX loading liposomes were placed on the skin samples. Then, the in vitro study was carried out for 8 hours as described above.
Isolation of SC and viable epidermis.
After the in vitro permeation and penetration studies epidermis was separated from the dermis by immersion of full thickness skin in a 60°C water bath for 2 minutes. It led possible to peel cycles of epidermis from the underlying tissue
The resulting sheets were rinsed with ultrapure water, dried at room temperature and stored in open boxes until used. 
Preparation of samples
Before physical analysis, lyophilized MXloading vesicles were re-hydrated with distilled water and mechanically shaken until an homogeneous dispersion was obtained.
For the spectroscopy study the epidermis specimens were compressed applying a strength of 3-4 ton using an hydraulic press to obtain a thinner and homogeneous sample.
Fourier transform infrared spectroscopy (FT-IR).
Solid samples were milled with potassium bromide (KBr) (1/100) and pressed in a hydraulic press to small tablets. The FT-IR spectra were recorded on a Spectrum One FT-IR (Perkin Elmer)
spectrometer equipped with a Multiscope (Perkin Elmer) microscopy. Each spectrum in a range of 4000 to 450 cm −1 was derived from 8 signal-averaged scans collected at a spectral resolution of 4 cm −1
.
Liquid samples were analyzed placing a drop of the sample between plates of sodium chloride;
analysis of data was carried in the range from 4000 to 600 cm 
FT-IR imaging
The spectra were collected using an Infrared Multichannel Viewer IMV-4000 (Jasco). Data were analysed using the software package Data Manager version 2 (Perkin Elmer). Each spectrum in a range of 4000 to 750 cm −1 was derived from 64 signal-averaged scans collected at a spectral resolution of 16-cm −1 , 32-mm/s scan speed. 
Results and discussion
In a previous work [15] , liposomal vesicles prepared with penetration enhancers (PEVs) were characterized and their influence on MX accumulation was evaluated. All PEV formulations were able to incorporated a good amount of MX. Indeed, E% ranged from ≈60 % (PEVs with labrasol and transcutol) to ≈70% (PEVs with cineole). In particular, we demonstrated that the introduction of PE in the vesicular formulation led to deformable vesicles able to penetrate deeply in the skin with a formation of a drug depot.
In order to evaluate the effect of PEV incorporation on minoxidil skin (trans)dermal delivery, we carried out in vitro permeation study by applying MX loaded PEV formulations and conventional liposomes with the same lipid composition, but without PE, as control. All the experiments were carried out on the whole skin and in occlusive conditions. The choice of this model enabled us to perform measurements of the permeated as well as of the accumulated drug into the skin layers. To ascertain the role of the PEVs in the drug cutaneous delivery, permeation experiments were also carried out by pre-treating the skin with solutions of "free" PE and then applying MX loading liposomes. In table 1 the results of the experiments are reported.
The amount of MX detected in the skin layers, after PEVs treatment, was higher than that obtained placing the control formulation on the pre-treated skin specimens. Except for experiments with Transcutol ® , the pre-treatment led to a reduction of the percentage of MX accumulated in the skin Then, FTIR spectroscopy was used to analyse the vesicular formulations and to study the diffusion and distribution of MX in the skin.
The first step of the study was to evaluate if the drug identification in the colloidal system was possible. MX, each liposome component and vesicular dispersion were analysed by FTIR.
A vesicular dispersion containing only soy lecithin and dicetylphosphate was also prepared and the FTIR spectrum was compared with those of free minoxidil and minoxidil containing vesicular systems. As shown in Fig 1, FTIR analysis were then carried out on skin specimens which had been pre-treated with the enhancers used in PEV formulations and then treated with the PEVs or the control for an 8h in vitro permeation experiment. Before the analysis, the epidermis layer was compressed with an hydraulic press to obtain samples more homogeneous and with the same thickness, to avoid saturated signals, thus, allowing a comparative analysis of absorption band intensities. After the compression procedure, the skin samples showed different reactions to the hydraulic pressure: the pre-treated To verify the MX penetration into the skin, we used the spectral window between 900 and 700 cm -1 ; in the other spectral regions, the SC absorption bands overlapped those of the vesicular components.
FTIR spectra of the samples of PEVs treated skin showed well-defined absorption bands in the fingerprint region, a fact that may be attributed to the MX penetration into the skin. Although the enhancers analyzed separately showed absorption bands in that region, the signals, due to the low concentrations employed, are not visible in the skin, neither pretreated nor treated with PEVs (Fig.2, 
3,4).
FTIR analysis confirmed the topical absorption of MX: the use of the PEVs led to a topical accumulation of the drug higher than that obtained with the control.
FTIR imaging spectroscopy has been shown to be a useful tool for studying molecule distribution in SC because it offers the possibility to obtain spatial information of the skin. FTIR images are formed on the basis of the contrast provided by the characteristic frequencies of a unique absorption band of the various components in the analyzed sample.
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